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I. AcrL -u.or (U i car~oi,,ydratc-richi naturia) released by ui fferent
s -,ra i It 6ui;%fi ur ing 9 rowth. It has antigenic propterties simi lar
L(, 1~ C inl~dt pa asite and plays a role in the infective process.

I'OlJiLi; and purification of EF is necessary for:
(0)~ tL.L < of its biological functirn

ti) c ;-,c of LF for uia(,nostic purposes
i~the UtL of ILF in imimunization experiments

u,)ti s-tuuy of the biosynthesis of EF
(C) Oic preparation of inhiuitors. of particular biosynthetic steps of EF.

3.Pur if icat ion of EF by qff ini ty chromatography was markedly improved by intro-
Ju il)n J1,AxinUS lectin (specific for galactose) columin. This enabled us to
uo Lair, miore reliaule amino acid and sugar analysis and will be instrumental
i n c re awdvanccd phys icalI, cheicalI and i mmunolIog icalI stud ies.

-:...c havu cvc loped a rad ioirm;unoassay for lei shmanias is ut ilizing purified LF.
TIcL jssay can distinguish between IZeishm.wnia strains and once further devel-
opted, should prove most valuable for the diagnosis of the idiscase.

j.LF dIb role in the infective process of Leishimania. We have now shown
thaLt surface carboiiyurate, related to EF, plays a role in the initial attach-

uF±r of eishrania pronlastigots to macrophages -a stage that is a prelude
to their enkjulfnient by the riacrophages followed by multiplication in their
cells.,
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1. It roduct iot

Lxcreted Factor (LF) is a carbohydrate-rich protein excreted by different
strains of Leis utidni a. Our f'rst annual report has demonstrated the pre-
sence of very high galactose content in IF, a property that could be shared
also by the surface carboly,4rates of the parasite. LF nas inmunological
properties similar to those ,f the intact parasite and may play a role in
the infective process. ,fter it was shown to be species-specific, EF became
the basis for serotyping i,,ishmaznia strains, and is a valuable tool in diag-
nostic, demographic and ecological studies of the disease (2). The diagnostic
methodology, however, is generally insufficient and the development of a
reliable radioi'riunoassay (RlI) seems most valuable.

2. Purification of LF

LF is produced in relatively smdll quantities by Leishmania promastigotes
in culture. Purified LF was required for (a) RIA development, (b) attach-
,.ient studies and (c) chemical and physical analysis. More advanced chemical
and physical studies were therefore hampered by difficulties to scale up the
isolation of EF from culture media. This obstacle is now more successfully
overcome by directing additional technical help to this issue.

(i) Isolation and phenol extraction - L. tropica and L. donovani promasti-
gotes were cultivated in Lit medium supplemented with I0% foetal calf
serum and antibiotic 100 ;q streptomycin and 100 i penicillin per ml.
Cultures at the logarithmlic phase of the growth were centrifuged 7 min
at 1500 xg. The supernatant was rer.ved and concentrated to 1/10 the
original volume and dialyzed for 3 days against distilled water. The
dialyzate was concentrated again ind ,xtracted with phenol. The aqueous
phase was dialyzed for 3 days against distilled water and the dialyzed
concentrated LF was fractiunt td on Sephadex G-100 column. The frac-
tions containing EF as detected by immunodiffusion were pooled, concen-
trated by freeze-drying and dialyzed again for 3 days against saline.
This procedure representsa refinement of that described in the first
annual report, §4a.

(ii) Affinity chroiatograp_ (Ricinus lectin column)

In a typical experiment, 16 rg of IF (§2i) were applied to a Ricinus
lectin column (Agarose-Ricinu-s cortaunis Agglutinin 120, 1.1 mg protein
per ml resin, 7 crii. lonyj, 1 cm. in diameter). The column was first
cluted with 0.02 14 sodium phosphate buffer, pht 7.0 (12 fractions)fol-
lowed by a sirilar buffer containing 50 p M galactose (all fractions
contained 2.6 ml per fraction). The fractions containing LF were detec-
ted by irnmunodiffusion (fraction 14-16), pooled, dialized against water
and lyophyliscd to yield purified IF (2.0 riig) possessing b x increase
in the specific antigenic activity.

is t c-i iique appearb to be fast and iiore efficient than previous
tecLhniques for the purification of EF.

3. hellical _nalys is of EF Prcpa rations

Amino acid analysis and rinosaccharide analysis were carried out on
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s Vii 1, 0 LF, purifivd by affinity chroviatograply §2i i) fcA ,

Ocid , i-rlyti cr ncLhanolysis and triincthylsililation, rcbpectivcly.

Ka ) /tiio aciu d sis- - EF L131 was analyzed following acid hydrolysi±
u'i ny ai.iinu acid analyzer (LKU Model 3201). See Table I for rtsults.

Table 1

Aiino acid analysis of [F L137

Relative

Amino acid Molar %a number of amino
acid residues

Lys i ne 5.8 1.65
iistidine 3.16 0.5
Ary i n ine 2.83 0
Aspartic acid 7.29 2.71
Thrcon i ne 22.99 6.55
Se r i ne 16.59 4.73
G Iyc i ne 9.57 2.d3

lani ne 10.35 2.95
lialf cystine 13.54 3.W 6
Is leucine 3.51 1.)
Lcuc ine 4.13 1.18
kI J.Ub,,,i ie 4.76
CGJ Idctosami ne 1.1

C lutal not including glutamic acid, proline and hydroxyproline amounting

to 13-Ti (not separable in this run).

It h l first annual report, S5a, we have cooiented on the particular
fedtures of the amino acid .jr,ilysis. here we find suiic duviationb
ubviuusly related to the (ca.b x) purification that we have achieved.
thuracteristically, aros.atic anino acids are entirely absent.

(h) Larbulydrate analysis - ,lonusacciiaride corponents of EF were
determined by GL( following methanolysis and trinethylsililation (3).
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Table 2

Monosaccharide copston of various EFs

EF L137 IF L52

Sugiar Jb rel. to a rel. to CI rel. to a nmol % re). to anmol
mninose mannote inannose A1g m~annose mg

Arabinose 0.1 0.05 8 0.1 < o.1
Fucose 111.6 1.1 170 2.8 0.61 188 3.1
xylose' 1.3 0.2 29 0.4 0.1 32 0.5
fannose 1 1 1 154 2.8 1 293 5.3
Galactose 3.2 4.z2. 628 11.3 2.2 643 11.6
Glucose C 2.8 1.8 0.8 124 2.2 0.6 169 3
Total sugar 33 37.3
Total sugar
by Dubois 28 26

aAmount relative to iriannose (man 1 .0).

b Glucosatiine and q..alactosaine arc presented in Thble I1.

A large proportion of the xylose anLd some of the glucose may represent
a contamninant eluted front the af fini ty column.

Fucose, a imonosaccharide frequently present at the non-reducing end of glyco-
proteirt. and ylycopept ides was determined here for the f irst time.

The proportion of arabinose has diminished as the result of the present
puri f icat ion.

U~ilactosv reirvains the toust albunuant neutral sugar.

Iicrojh%;eerogeniety, demoanstrated, for instance, by the increase of galactose/
mdrinose; ratio if [F peaks between early arid late fractions can be understood
in view of the galactose binding properties of the Ricinus lectin column (the
sequence of fractions Lierig 1, 11, 1l1). i

4. Radiuiiuioassay (RiA) for the uiagniohis of Leishirianiasis

(a) Iabeli ny o i-~e icAh d

LF L131 partially purified by phenol extractions and followed by Sephadex
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Ti I ncO nji"ji i Ut ionS.
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hit i I oool.ou!, LF , JuO , of L. donoivani and L. tropical EF were
Ut f i i tL Lu LlIoCk all the )if t i-EF ant ibod ies present i n 1 fill of

AkK I uyout al a t I 5L: ruimi

utectioll ut jiiti-LF antibodie5 in mice and humans sufferiny from
nktanlou-s le i slnnan asi

,',ti-LF activity in 5ci., frofri nuiant Infected withi i_ tropuca major
is, shown iii luole 3. Of / sera examined fron patients with active
m_(taiieOILS lesiiriai, (C,2 .) showed riaxiinumi activity of 1.4 to

.!tilics lii ir than iimrii~al uninifected control.

)cn CL IHyted fro": tdII)/c fiice 11u days after ifect ion with L.
<I l so, assayedj fur onti-LF antibodies. 1These ,ice

Cwli Icvbv lu-sions5 and parasites were detected in both,
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The immunological specificity of leishmanial excretec factors,
ondU their separation from other leishnianial antigens ancd contaminating

eduacomponents were used to provide a more sensitive means of
detecting arid mieasuring the antibody response to leishinanial infec-
tion. Tht: results obtained indicated that the use of leishiianial LF
for RI., will prove valuable in tire diagnosis of leishiiaiiiasis.
ihe tett is specific and sensitive. Undoubtedly, experience will
lead to iouification and refinement of the technique according to
its Specific appliction. However, sufficient details have been pre-
serited to enable its, ..ie with regard to the detection of cutaneous
leishraaniasis and quantitative measureiment of EF levels.

5.Surface Carbohydrate (khelated to EF) an ie Uindin of Leishmania Promasti-

joLU5to MJcroplij2 jes

itst knuwn that liver and peritoneal n'acropiages have specific galactose-
: CinU1 rccept~ors ( hepatic bindingj protein, HU~P) which art; agle to bind neur-
i ii ddse- treated cells where galactose is the non-reducing sugar as a prelude

L, tneir LcaaLuliti. (6). It was demonstrated recently, however, that the
JJiactuSe or the N-acetyl-galactosaiine specificity of HBP is not high and

djdditiunal onosacchar ides (e.g. glucose) can compete, though less favourably,
f,,-r tibP' binding (6a).

The first annual report, §5b, has described the presence of a high galactose
Lcontent in LF, a finding that was further supported by our current analyses,

>. In addition, vte have demonstrated that proinastigotes of both L.
r'jdarid L. donovani are agglutinated by low concentrations of peanut

IQLin and uicinius lectin and that dissociation is readily achieved by the
judition of galactose. This indicates the presence of oligosaccharides
.-Jo ,,ctssng terminal non-reducing galactose as a partial structure of thle

,wj~t~ote urface (first annual report §2a and current results con-
Lcrr f : ;i i&.ujr2us, lectin).

A~LL that tile hust Cell (macrophage) membrane might contain a gal-
tW~uLirdn~jreceptor, possibly tile well-documented hepatic binding

;,trcttir (ibl'), capable of binding either thle parasite or IF. Lel shmania

jy t b u, Le atLtachled i n it iallIy to the icac rophage via such a galIac tose-
I iini , ,ite and be subsequently engulfed by the macrophage.

Vol ttjchwent study of pronromtigotes to niacropirages, the culture system
ut iidfli(ii.idii L, Ipira (1) was adapte:d. Peritoneal exudate cellIs (PEC),rnostly
*dero1I0)I, -e_)fron L31i mice were harvested 5 days after I .P. stimulation

'J01 2 li tIiuglycolate. On tie day of harvest, the cellIs were collected
l.ek/ edI:(iurl conitaining 5 units of Ireparin, 100 jig streptomlycin and

PJUh i t' jenicillin per irl. Itir cell conceritration was brought to 5 x
I1) L ceulls/l arid I 1J was plated into each well of the 24 wells microplate.
,, it: addi tj tie I L, 12 rim diaireter ster ile coversl ips were placed in
euOi ,LI I. 24r hours after incubation at 37/0C in an atmosiphere of 51' C02 in
air, tie j d ias changed , removed, anid 200 wrl of the sugar in the desi red
_(nuiettrati .. iwadje in Hank's balanced salt solution containing 1W albumin
(nlbS'/j, i dded. After l5 min at 37 C, the sugar was replaced with 400 ml
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of the same sugar, at the sarie concentration containing 2 x 107 washed pro-
mastigotes. After a further 10 min at 370 C, the PLC were washed 5 times with
phosphate buffvr, fixed and stained with Giemsa. Following counting, the
parasite attachiiiunt index (PAl), (§10) was calculated.

Figure 4 shows that different sugars ( at 0.3 - 0.5 M) inhibit the attachment

of promastigotes to macroplhages. Lactose, Gal-6(l--+ 4)Glc, being the most
efficient. Lower concentriLions of sugars promote attachment while I M and
higher concentrations are toxic to host (macrophage) cells. Apart from
standard error possible (Ca. 10.), the effect of lower saccharide concentrations
lay be due to additional suyar nutrient. Sugars at concentrations of 0.5 M
are non-toxic to both promastigotes and macrophages. Following the addition of
0.5 M saccharide and incubation as described, the cells are washed and give
nori;ial infective rates.

6. Conclusions

In our first report (§7) we have proposed that surface carbohydrate may play

a role in the binding of Leishunania promastigotes to macrophages. Our current
experiments (§5) support this hypothesis. Thus, Leishmania, an intracellular
obligatory parasite, appears to use a cellular mechanism designed inter alea
to reixove damaged cells from blood circulation (6) as a vehicle to enter host
cells. Once inside, the LF produced has a protective function, being inhibi-
tory to the host's lysosomal enzymes (8).

Our analytical results (§3) already suggest galacto derivatives as possible
biosynthetic inhibitors of CF. As soon as nlore advanced structural results

are available and larger structural elements become known, and in view of our
original research proposal, one will be in a better position as far as the
design of such inhibitors is concerned.

A most important outcome of our work is a specific radioi,.iunoassay for
Leshm~n2d (§4c). Effort is to be dedicated to the standardization of the
(,etlud - to make it diagnostically useful. Additionally, the scope of the
mcth d should be widened to more acute types of Leishmania.

7. Proposals for Further Research (detailed proposal submitted along with this
report)

(i) Purification and structural work on EF. Here we will b employing the
affinity clhrulatography purification (§2ii).

(ii) Radioimrunodusay (KIA) for Leislimania. Standardization of the method.
Application to humian and animal cases.

(iii) iolo('>cdl role of EF. Use of labeled IF (§4a and 4b) to localize IF.
,olC of IF irn "onditioning".

(i') tmmunogjunicity of EF. Use of MDP, mycolic acid etc. to make LF
i inmunogen i c.

(V) Inhibitors. based on strucutral features of LF, inhibitors to its
biosyntlesis will be designed.

.. .II ] II. ......". ..I ' , .....
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Fig. 1 The effect of different concentrations of coating

L.tropica EF on the binding of antibodies from

homologous antLserum at dilution 1:25. The EF

showed a precipitating line with whole antiserum

at l~O./..

30

2O

z

0

25 100 400 1600
EF jg/ml]



FirZ..2 Binding of E3 rabbit anti L.tropica antiserum,

orabbit anti L.donovani antiserum and

*normal rabbit serum to plates coated with

L.donovani or L.tropica EP.

40-

30- L. donouoni EF

20-

10

z

Noe L.tropica. EF

20-

10-

1:10 1:25 1:50 1:10o 1:250 1:400 1:800
SERUM DILUTIONS
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Figi. jEffect of absorption of auti L.tropica and anti

L.donovani antiserum with homologous and heterologous

El?. 0 -Anti L.tropica absorbed to homologous El?;

A -Ant.± L.donovani absorbed to homologous EP.

The inhibition is calculated by dividing the

antiserum absorbed to homologous EF by the same

antiserum absorbed to heterologous El?.

100-

z
0
0-

1 50O',
z

1000 500 250 125 62.5
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Fig. 4 The effect of sugars at different concentrations on the parasite
attachrent index (PAl) of L. tropica (L 137 ) to L3H Mouse
filacrophages.

* - Lactose; C) - C u.cose; @-Methyl a-D-galactopyranoside;

0 - Methyl 6-U-yalactopyranoside* A- Raffinose; A-Methyl-
u-U-mannopyranoside; V7-D-arabinose

40-

20-

0 0.1 0.2 0.3 0.4 0.5
Soccharide added (M)
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10. Glossary

EF Factor excreted by Leishmania (Excreted Factor). EF preparations

are designated with digits indicating the leishmanial source.

Leishmanial strains

L137 Leishmania tropica LRC L137
L52 Leisthnania donovani LRC L52

These strains were obtained from the WHO Leishmania Reference Centre

collection maintained in the Department of Protozoology In Jerusalem.

P14A peanut lectin

RIA radioiimmunoassay

PAl parasite attachement index -

a b)exp x exp x 100

a cont x bcont

a - percent of host cells where attachment is apparent. 400
host cells were counted.

b = average no. of attached promastigotes per cell. 100 cells

with attached promastigotes were counted.

(I) Figures related to attachment represent a proportion of already

engulphed promastigotes.

(ii) Saccha-ldes were included in experiments and avoided in controls.
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